Abstract
Introduction
Experimental and clinical studies have shown a link between ventricular repolarization dispersion (VRD) and severe ventricular arrhythmia andor sudden death, VRD being a marker of cardiac risk [I]. The QT interval (QT) is used to quantify ventricular repolarization (VR).
QT dispersion ( Q T d ) , measured as the difference between the maximum and minimum QT values of the standard 12-lead ECG, has also been proposed as an index to assess VRD. Q T d was proposed as a marker of the ventricular repolarization spatial dispersion, considering that each ECG lead records the local activity of different myocardium areas. To accomplish that, a Langendorff heart preparation was developed (21. In that work, it was shown that the Q T d and JT dispersion showed a significant correlation with the dispersion of APDgo as well as with the dispersion of recovery time. Moreover, this fact was confirmed on patients, with a high correlation between the 24-hour &Td and the intracardiac monophasic action potential [3]. However, the relationship between QTd and V R D is a subject of controversy due to the existence of both technical and theoretical problems regarding the measurement of the Q T d . Several studies suggest that the result of the measurement might be affected by inaccuracies in the determination of the T-wave end andor being the consequence of different projections of the electrical cardiac vector on the body surface leads, rather than VRD [4] . The QTd measured on the standard 1Zlead ECG was compared with the one measured on synthesized 12 leads from the orthogond XYZ leads [4] , which leaves out the effects of regional heterogeneity. No differences between the two approaches were found. Another study showed that QTd is significantly different between patients with a wide and a narrow T-wave loop. Moreover a correspondence was observed between the QTd and the T-wave loop morphology. RecentIy [5], Singular Value Decomposition (SVD) of the ST-T complex, considering the three first components as the dipolar cardiac electrical vector representation (cd) and comparing them with the non-dipolar components (c,d) , which were related to the myocardium local heterogeneity, has being proposed as VRD index by the so call T,, index. Variations among different clinical groups as well as a low correlation with the QTd were observed.
The present work aims at finding VRD indexes on the surface ECG that quantify directly VRD. In order to achieve this purpose, an isolated In-Vitro rabbit heart model with several recording electrodes was used, on which VRD was induced artificially. The ECG were analyzed at the signal resulting from summation of the absolute ECG value in 40 lead, The T', from SVD of the 40 lead were also analyzed. We want to validate the hypothesis that T,, do not show VRD globally generated (in the whole myocardium) and that the Twd better reflects the the VRD.
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Methods

Experimental model
The experimental model consists of an In-Vitro system which records the electrical activity of an isolated rabbit heart beat-by-beat.
The recording chamber, which simulates the animal's thorax has 7 cm diameter by 7 cm high. It has 40 recording electrodes homogeneously distributed in a 5 rows x 8 columns array ( Figure 1) . The distance between electrodes is 10 mm and the angular distance is 45O, the electrodes having the Wilson Central Terminal point as reference. New Zealand white male rabbits (2.8-3.8 Kg.) were used (n=20). The heart was removed and mounted on a vertical Langendorff apparatus. It was then immersed in the chamber with Tyrode solution and cannulized and perfused through the aorta with the same solution kept at 3 8 ' k O S T , and bubbled with 02, with a flow of 700-900 mlh and a pressure of 70 " H g .
left ventricle ( L V ) at basal frequency during a train of 49 beats. After that train, at beat number 50, a premature beat was generated at a coupling interval corresponding to the effective refractory period (Erp) plus 5 ms. Erp was estimated on each case prior to the PVS operation. Again, the ECG was recorded during the process. The measurement of 48th and 49th beats were averaged as control measures prior to ventricular stimulation (Cpvs). The premature beat was elicited in order to generate dispersion paced to RV or LV (DPvs). In both protocols the sinus node was crushed and an artificial pacemaker was used. In the d-Sotalol protocol the heart was stimulated from the right auricle at a basal frequency of 500 ms for CDS and DDS (10 cases). In the PVS protocol the stimulation was done from the RV (5 cases) and from the LV (S cases), at a basal frequency of 400 ms for control and at a frequency equal to the ETP -t 5 ms (165*7.5 ms for RV stimulation and 170f12.9 ms for LV).
Data acquisition and signal processing
The ECG was acquired with instrumentation amplifiers with a gain factor of 1000, and a band width of 0.05-300 Hz. They were digitalized at 1 Khz and 12-bit resolution. When necessary, a band-stop filter to remove 5 0 -H~ was used. The baseline movement was compensated with a cubic spline algorithm. Once the heart electrical activity became stable (arrhythmia-free, ischemia-free and with no frequency variations), the beats corresponding to the first row were recorded, after which the same procedure was applied to the remaining rows. After selection and segmentation of a i,th beat from each row T (T = 1, . . . 
(2)
From the matrix Xi, the parameters described in next subsections were measured.
Dipolar analysis
Statistical analysis
The matrix X i is subjected to 
Temporal analysis
In addition to To and T, points the T-wave peak location (T,) and T-wave width, Twd = T, -To, were computed from two ECG derived signals:
The signal,xMe, obtained from the moduIe of the first three eigenvectors of the SVD decomposition, ( G~, j=1,2,3):
The signal, x a , from the module of raw ECG: T,, on the signal segment delimited by 57,". and T,".. Results in control beats and in increased VRD beats (generated by P V S and d-Sotalol) are shown. In the case of P V S it can be observed that the variables TOM' and TpM' are reduced by 20 ms with respect to the control, both differences being statistically significant. On the other hand, the T,M' variable did not present statistically significant differences between control and PVS, while Twd increased by 20 ms, this difference being statistically On these signals, denoted compactly by xp, P E {Met M , ) the following parameters are measured: T wave onsets: TE; T wave ends: TF; T wave peak: TF; and T wave widths: T$ = TF -TOP.
All these time measures, T:, TF, and Tp', are refered to the QRS onset and express in m. The fiducial points were detected by using a threshold-based algorithm on the differentiatedsignal [7] . Once the maximum and minimum of the differentiated signal were detected (maximum sIope points) a threshold K was established to detect the To (K0=0.8) and and T, (K,=0.2). The Tp position was determined by the zero-crossing on the differentiated signals.
Discussion and conclusions
During cardiac depolarization and repolarization, local effects may appear which cannot be well represented by means of it dipolar model, this effect being mare marked in regional pathological conditions. The T,, is an index which reflects the V R D local heterogeneity The hypothesis that increased VRD implies a widening in the T-wave duration is corroborated by the present results, when VRD is generated across the whole myocardium.
